INTRODUCTION {#sec1-1}
============

Rabies or "hydrophobia" as it was previously known is caused by the highly neurotropic rabies virus and produces almost uniformly fatal encephalitis in humans and most other mammalian species. Rabies causes about 55,000 human deaths, annually, worldwide and 95% of human deaths due to rabies occur in Asia and Africa.\[[@ref1]\] Roughly 97% of human rabies cases result from dog bites. India has the highest rate of human rabies in the world, primarily because of stray dogs, whose number has greatly increased since a 2001 law forbade the killing of dogs. Around 20,000 people are estimated to die every year from rabies in India which is more than a third of the global toll.\[[@ref1][@ref2]\] Vaccines are available, but it is ineffective once the virus enters the central nervous system (CNS) and there are no effective antiviral drugs against rabies virus. Rabies infection is fatal once the virus enters the CNS. There was only one reported case of a female survival from rabies virus by inducing coma and treating her with combination of known antiviral drugs.\[[@ref3]\] Therefore, the search for more effective antiviral agents against viral infections of the CNS is a necessary and highly desirable task.

According to the literature, many traditional medicinal plants have been reported to have strong antiviral activity. *Datura metel*, although known for its toxicity, also contains medicinal properties. *Datura* intoxication typically produces delirium, hyperthermia, tachycardia, and bizarre behavior but it also has medicinal properties. *Datura* has long been used as an extremely effective treatment for asthma symptoms. The active antiasthmatic agent is atropine, which causes paralysis of the pulmonary branches of the lungs, eliminating the spasms that cause the asthma attacks. The leaves are generally smoked either in a cigarette or a pipe. This practice of smoking *Datura* to relieve asthma has its origins in traditional ayurvedic medicine in India.\[[@ref4][@ref5]\] *Datura* also has a wide range of traditional application including epilepsy, hysteria, insanity, and heart and skin diseases. In Ayurveda, *Datura* is used to cure mental diseases and relieve pain. In Indian ayuvedic medicine, *Datura* is used as a medication for the treatment of hydrophobia (classical symptom for rabies), which is rabies infection.\[[@ref6]\] However, its mechanism of inhibition and interaction with the virus are yet to be elucidated, hence the present study intends to assess the *in vitro* antiviral activity of *D. metel* extracts against rabies virus.

MATERIALS AND METHODS {#sec1-2}
=====================

Collection and identification of sample {#sec2-1}
---------------------------------------

*Datura* fruits were collected from Dadar flower market, Mumbai. These were then identified and authenticated at the Blatter herbarium, St. Xavier\'s College, Mumbai, Maharashtra, India. The plant parts (*Datura* seed and *Datura* fruit pulp) were separately washed, shade dried, and powdered in grinder mixer. About 30 g of powdered material was extracted in soxhlet extraction apparatus (continuous hot percolation) with 600 ml of each of the following solvents: Methanol and water. Methanol used for the extraction was of analytical grade. The separated extracts were then filtered through Whatman\'s No. 1 filter paper and the aqueous and methanol filtrate were separately concentrated for dryness using a rotary evaporator to remove the water and methanol. The crude plant extracts obtained were weighed and stored in refrigerator for further use.\[[@ref7]\]

Cell line and virus {#sec2-2}
-------------------

Vero (African green monkey canine kidney) cell line was procured from NCCS, Pune. Vero cell lines were grown in minimum essential medium (MEM) with L-glutamine (2 mM), penicillin (100 IU/ml), streptomycin (100 μg/ml), and gentamicin (10 μg/ml) and supplemented with 10% fetal bovine serum (FBS). The flasks were incubated at 37°C, in 5% CO~2~ incubator for 2--3 days until a confluent monolayer is obtained. Rabies virus challenge virus standard (RV CVS) used in the present study was provided by the Department of Virology, Haffkine Institute. The virus stocks were stored at −80°C temperature for further use. The *in vitro* cytotoxicity and *in vitro* antiviral assay was also performed in Vero cell line.\[[@ref8]\]

Virus titration {#sec2-3}
---------------

RV CVS stocks were grown in Vero cell lines, and titer of infectious virus was measured by 50% tissue culture infective dose (TCID50) titration by staining it with Immunofluorescent assay (IFA). Briefly, serial 10-fold dilutions (10^−1^ to 10^−7^) of virus in serum-free MEM were added onto the confluent monolayer in 96-well tissue culture plate and incubated for 72 h at 37°C with 5% CO~2~. After incubation, the medium was decanted and the cells were fixed by adding cold acetone (50 µl per well) and kept at 4°C for 30 min. After discarding the acetone, cells were stained by direct polyclonal florescent-labeled antibody (1:20) for 30 min and then washed (3 times) with 0.01 M phosphate buffer saline (PBS), air dried, and visualized under an inverted fluorescence microscope. The titer wby usas calculated using Reed and Muench method and expressed as TCID50.\[[@ref9]\]

*In vitro* cytotoxicity assay {#sec2-4}
-----------------------------

The *in vitro* cytotoxicity (CC50) assay of the plant extracts was performed by 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide (MTT) assay in Vero cell line. Briefly, Vero cells were trypsinized and cultured onto 96-well plate at the density of 0.2 × 10^6^ cells/ml. Once the monolayer is formed after 24 h, different concentrations (15--0.15 mg/ml) of *Datura* seed and *Datura* fruit (soxhlet and cold) extracts were serially diluted in DMEM (without phenol red) and added to each culture wells in triplicate and incubated at 37°C with 5% CO~2~ for 24 h. After incubation, the medium with plant extracts were removed and 10% of 5 mg/ml MTT (100 μl) was added to each well onto the Vero cells in 96-well plate and incubated for 3 h at 37°C. After incubation, MTT (100 μl) was removed and the crystal formed (formazan) was solubilized by adding dimethyl sulfoxide to each well. The absorbance was read at 550 nm by an ELISA reader.\[[@ref10]\]

*In vitro* antirabies assay {#sec2-5}
---------------------------

The minimal cytotoxic concentrations (CC50) of Cold and Soxhlet extracts of *Datura* seed and fruit samples (50 µL) was mixed with a challenged dose of 10 TCID50 RV CVS (50 µL) and incubated for 1 hr in 96 well tissue culture plate. The reference serum (5 IU/ml) was serially diluted 2-fold from 1:00 to 1:2800 using MEM with 2% FBS in sterile tubes which serve as a positive control. Vero cell line was trypsinized and 0.2 × 10^6^ cells/ml added to 96-well tissue culture plate. This was incubated at 37°C in a CO~2~ incubator for 72 h. The medium was decanted and the cells were fixed by adding cold acetone (50 µl per well) and kept at 4°C for 30 min. After discarding the acetone, cells were stained by direct polyclonal florescent-labeled antibody (1:20) for 30 min and then washed (3 times) with 0.01 M PBS, air dried, and visualized under an inverted fluorescence microscope.\[[@ref9]\]

Viral load {#sec2-6}
----------

The viral RNA was extracted from Vero cells from the 96-well plate after *in vitro* antiviral assay using the spin column based QIAamp-Viral RNA Mini Kit (QIAGEN GmbH, Hilden, Germany) as per the manufacturer\'s instructions. Reverse transcriptase real time-polymerase chain reaction (rRT-PCR) was carried out using a StepOne Real-time PCR instrument (M/s ABI) using 2X PCR mix and Super-ScriptTMIIRT/Platinum Taq Enzyme mix (M/s Takara) and rabies N gene primers\[[@ref11]\] \[[Table 1](#T1){ref-type="table"}\]. The cycling condition for the rRT-PCR was 42°C for 5 min of reverse transcription followed by denaturation at 95°C for 10 s and PCR amplification (38 cycles) of 95°C for 1 min, 55°C for 1 min, and extension at 72°C for 1 min 30 s. The antirabies activity was quantified by Delta Delta C~t~ method.\[[@ref12]\]

###### 

The rabies virus N gene primer sequence

![](PR-8-265-g002)

RESULTS {#sec1-3}
=======

Virus titration {#sec2-7}
---------------

RV CVS was titrated ((10^−1^ to 10^−6^) in Vero cell line in 96-well plate. On the 3^rd^ day post infection (p.i.), the medium was decanted and the cells were fixed with acetone (chilled) and stained with fluorescently labeled antibody (IFA) and observed under fluorescent microscope and quantified by rapid fluorescent focus inhibition test (RFFIT) method. TCID50 was calculated by Reed--Muench method and the titer of 10^−4^ TCID50/0.1 ml of RV CVS (1 TCID50) was obtained \[[Figure 1](#F1){ref-type="fig"}\]. Based on 1 TCID50, the challenge dose of 10 TCID50 was prepared for *in vitro* antiviral assay.

![Titration of rabies virus challenge virus standard was performed in Vero cell line and virus 50% tissue culture infective dose was calculated by Reed--Muench method. The figure log virus titer with R^2^ value -- 0.8555 using GraphPad Prism version 5.0 software](PR-8-265-g003){#F1}

*In vitro* cytotoxicity assay {#sec2-8}
-----------------------------

Different concentration (10 --0.1 mg/ml) of soxhlet and cold extracts of *Datura* seed and *Datura* fruit were added to Vero cell line (0.3 × 10^6^ cells/ml) in 96-well plate and was analyzed by MTT based cytotoxicity assay. The CC50 of soxhlet extract of *Datura* fruit (water and methanol) was found to be 5 mg/ml and 4 mg/ml respectively whereas of cold extracts of *Datura* fruit (water and methanol) was found to be 7 mg/ml and 3 mg/ml respectively \[[Figure 2](#F2){ref-type="fig"}\]. Whereas the CC50 of soxhlet extracts of *Datura* seed (water and methanol) was found to be 7.5 mg/ml and 5 mg/ml respectively. Whereas CC50 of cold extracts of *Datura* seed (water and methanol) was found to be 3.5 mg/ml and 5.5 mg/ml respectively \[[Figure 3](#F3){ref-type="fig"}\]. The CC50 was calculated and the percent cytotoxicity was represented using GraphPad Prism version 5.0 software (California corporation).

![*In vitro* cytotoxicity assay of *Datura* fruit (soxhlet and cold) extracts of different concentration (10--0.6 mg/ml) was performed in Vero cell line by 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide assay. CC50 value was calculated using GraphPad Prism version 5.0 software](PR-8-265-g004){#F2}

![*In vitro* cytotoxicity assay of *Datura* seed (soxhlet and cold) extracts of different concentration (10--0.6 mg/ml) was performed in Vero cell line by 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide assay. CC50 value was calculated using GraphPad Prism version 5.0 software](PR-8-265-g005){#F3}

*In vitro* antiviral activity {#sec2-9}
-----------------------------

Minimal cytotoxic concentration of *Datura* fruit and *Datura* seed (soxhlet and cold) extract was selected below the CC50 range (5--0.3 mg/ml) and exposed with the challenge dose of 10 TCID50 RV CVS for antiviral assay. After 72 h postinoculation (p.i.), the antiviral assay was quantified by RFFIT method and also by molecular method by PCR.

We observed 100% inhibition at 5 mg/ml and IC50 (50% inhibition) was found to be 2.5 mg/ml of *Datura* fruit (soxhlet and cold) extract \[[Figure 4](#F4){ref-type="fig"}\]. For *Datura* seed (soxhlet and cold) extracts, we observed 100% inhibition of 10 TCID50 RV CVS at 2.5 mg/ml of *Datura* seed (methanol soxhlet and cold extracts) whereas 50% inhibition (IC50) of *Datura* seed (water soxhlet) was observed at 2.5 mg/ml. The IC50 of *Datura* seed (methanol soxhlet and cold extract) was found at 1.25 mg/ml by RFFIT method \[[Figure 5](#F5){ref-type="fig"}\].

![*In vitro* antiviral activity of *Datura* fruit (soxhlet and cold) extract against rabies virus challenge virus standard. The IC50 was calculated by GraphPad Prism version 5.0 software](PR-8-265-g006){#F4}

![*In vitro* antiviral activity of *Datura* seed (soxhlet and cold) extract against rabies virus challenge virus standard. The IC50 was calculated by GraphPad Prism version 5.0 software](PR-8-265-g007){#F5}

After 72 h post inoculation (p.i.), the RNA was extracted from the Vero cell line and rRT-PCR was performed to estimate the relative viral load in presence of the experimental extracts. The *Datura* seed cold methanol extracts exhibited \>9000-fold reduction in the viral load with respect to control both at 5 mg/ml and 2.5 mg/ml concentration. Over 7000-fold reduction in the viral load was shown by the dautra ayurvedic extract and *Datura* seed cold (water) extract at 5 mg/ml and 2.5 mg/ml and *Datura* seed soxhlet (water and methanol) exhibited up to 5000-fold reduction in the viral load with respect to the virus control both at 5 mg/ml and 2.5 mg/ml. Whereas *Datura* fruit (soxhlet methanol and cold water) extracts exhibited up to 8000-fold reduction in the viral load with respect to control at 5 mg/ml concentration. The *Datura* fruit (soxhlet water) extract exhibited up to 4000-fold reduction and *Datura* fruit (cold methanol) extracts exhibited \>4000-fold reduction in the viral load as compared to the virus control at 5 mg/ml. No fold reduction of the viral load was observed in the *Datura* seed and fruit (soxhlet and cold) extracts at 1.25 mg/ml.

DISCUSSION {#sec1-4}
==========

Rabies, a disease caused by highly neurotropic rabies virus, is of public health importance especially since it invariably proves to be fatal after the onset of symptoms. Despite being fully preventable provided wound toileting and post-exposure prophylaxis is opted for, it is still responsible for nearly 20,000 deaths annually from India alone. Rabies infection is fatal once the virus enters the CNS. Antiviral chemotherapy is an important component in the management of viral diseases. However, at present, potent antivirals for clinical usage are available only against limited number of family of viruses (*Orthomyxoviridae, Herpesviridae*, and *Retroviridae*). There are no effective antiviral drugs available for rabies virus only palliative support and some experimental protocols to avoid death have been reported in the past.\[[@ref13]\] Plant secondary metabolites have tremendous potential to be antiviral agents. *D. metel* has long been known for its sedative action and known to cure hydrophobia in Ayurveda. Thus, this medicinal plant may, therefore, be explored for potential antiviral activity against Rabies virus causing encephalitis.

In the present study, we evaluated the antiviral activity of *D. metel* against rabies virus. *In vitro* cytotoxic activity of soxhlet and cold extracts of *Datura* (fruit and seed) was performed in Vero cell line using MTT assay. The CC50 of *Datura* fruit (water and methanol) soxhlet extracts was found to be 5 mg/ml and 4 mg/ml, respectively, and of cold extracts (water and methanol) was found to be 7 mg/ml and 3 mg/ml, respectively \[[Figure 2](#F2){ref-type="fig"}\]. Whereas the CC50 *Datura* seed (water and methanol) soxhlet extracts were found to be 7.5 mg/ml and 5 mg/ml, respectively, and of cold extracts (water and methanol) was found to be 3.5 mg/ml and 5.5 mg/ml, respectively \[[Figure 3](#F3){ref-type="fig"}\]. The CC50 was calculated and the percent cytotoxicity was represented using GraphPad Prism version 5.0 software.

RV CVS was titrated (10^−1^ to 10^−6^) in Vero cell line in 96-well plate and the TCID50 was calculated by Reed--Muench method and the titer of 10^4^ TCID50/ml of RV CVS was obtained \[[Figure 1](#F1){ref-type="fig"}\]. The challenge dose of 10 TCID50 (10^−3^ TCID50/ml) was prepared for *in vitro* antiviral assay. Based on the CC50 of *Datura* extracts, minimum cytotoxic concentration (5--0.3 mg/ml) was used against the challenge dose of 10 TCID50 RV CVS. The IC50 (50% inhibition) of *Datura* fruit (soxhlet and cold) extract was found to be 2.5 mg/ml \[[Figure 4](#F4){ref-type="fig"}\] and of *Datura* seed (water Soxhlet) was found to be 2.5 mg/ml whereas the IC50 of *Datura* seed (methanol soxhlet and cold extract) was found at 1.25 mg/ml \[[Figure 5](#F5){ref-type="fig"}\]. The overall selectivity index (SI = CC50/IC50) of *Datura* seed extracts (SI = 4) was found to be higher than the *Datura* fruit extracts (SI = 2) which indicated that the *Datura* seed extracts had a higher antiviral activity against rabies virus.

Similar studies were conducted by Müller *et al*. where antirabies virus activity was detected for *Allamanda schottii* (MeOH extract-leaves) up to 230 µg/ml with an SI = 5.6.\[[@ref14]\] Ribavirin has shown an *in vitro* antiviral activity against rabies virus infected with neuronal cells but fails to provide benefit in experimental rabies in mice.\[[@ref15]\]

Molecular analysis by rRT-PCR also demonstrated reduction in the viral load by the extracts. High level of viral load reduction was found in all the extracts at 2.5 mg/ml. Also, the seed soxhlet methanol, seed cold aqueous, and the fruit cold aqueous extracts exhibited a 2-fold reduction of viral load at 1.25 mg/ml. Previous studies also used RT-PCR-based viral load detection as a measure of antiviral activity \[[Figure 6](#F6){ref-type="fig"}\].\[[@ref16][@ref17]\]

![*In vitro* antiviral activity of *Datura* (soxhlet and cold) extract against rabies virus challenge virus standard by real-time reverse transcription-polymerase chain reaction method and fold change of the rabies virus represented by GraphPad Prism version 5.0 software](PR-8-265-g008){#F6}

Earlier studies suggest that *D. metel* extracts have a wide range of antibacterial and antifungal activity.\[[@ref18]\] One of the earliest attempts reports back to 1978 where Tsiang *et al*. showed that a condensed mineral ion, ammonium-5-tungsto-2-antimoniate inhibited *in vitro* multiplication of rabies virus without affecting the viability of cells.\[[@ref19]\] More recently, Chávez *et al*. evaluated 24 synthetic phenolic compounds for their activity against PV strain of rabies virus.\[[@ref20]\] Based on the preliminary results, they suggested the presence of some structure-activity relationship existing between the six compounds that inhibited viral cytopathic effect.

*Datura* is a wild plant having various medicinal and pharmacological properties. Phytochemical of the plant are alkaloids, atropine, scopolamine, tannin, saponine, glycosides, phenol, sterols, lignins, fats, carbohydrates, and proteins.\[[@ref21]\]

*Datura* plant contains high levels of tropane alkaloids such as atropine, hyoscyamine, and scopolamine. Atropine and scopolamine are muscarinic antagonists, which can be used to treat Parkinson\'s disease and parasympathetic stimulation of the eye, heart, urinary, respiratory, and gastrointestinal tract. Atropine and scopolamine are a class of compounds that inhibit parasympathetic nerve impulses by selectively blocking the binding of the neurotransmitter acetylcholine to its receptor in nerve cells.\[[@ref6]\] Atropine also reported to have an antiviral activity. It inhibits the growth of enveloped viruses such as herpes simplex virus, influenza virus, new castle disease virus, sindbis, vaccinia, adenovirus, and Japanese encephalitis virus.\[[@ref22]\]

Atropine also blocks the glycosylation of viral proteins of herpes virus, and hence the production of new infectious virus particles (virions). Virions formed in the presence of atropine are noninfectious.\[[@ref23]\]

Our laboratory is actively involved in research of novel experimental moieties and exploring the antiviral activity of herbal and ayurvedic formulations against rabies virus and other viral encephalitis for potential antiviral drug. Thus, in our study, we observed that *Datura* had a potential antiviral activity of which *Datura* seed extracts had a greater (SI = 4)*in vitro* antiviral activity against rabies virus.

CONCLUSION {#sec1-5}
==========

The study has explored the potential *in vitro* antirabies activity of *D. metel* (seed) extracts by means of RFFIT and PCR methods. Further research will be to scale up for *in vivo* toxicity and *in vivo* antirabies trial in murine model to evaluate the efficacy of *D. metel* (seed) extracts in future.
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